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Field of the Invention 

5 

This invention relates to grafted ethylene copolymers, compositions comprising the 
grafted ethylene copolymers, and a process to make the grafted ethylene copolymers. 

Background of the Invention 

10 

U.S. 5,346,963 describes substantially linear olefin polymers produced by Dow 
Chemical Company's "constrained geometry" catalysts grafted with an unsaturated 
organic compound which exhibit adhesive properties as well as imparting desirable 
impact properties to various thermoplastic polymer blends. These polymers however 
15 do not achieve high levels of grafting without an increase in viscosity. 

EPA 0 440 506 discloses derivatized ethylene alpha-olefin polymers useful as 
multifunctional viscosity index improvers. These polymers however are generally 
only functionalized at the chain end and have thus only one functionality per chain. 
20 The chemistry used in this case generally leads to too low fiinctionalization levels for 
the typical medium viscosity polymers used to modify engineering thermoplastics. 

US 4 668 834 discloses epoxy grafted low molecular weight copolymers. 

25 Summary of the Invention 

This invention relates to a grafted ethylene copolymer comprising ethylene and an 
alpha-olefin grafted with 0.1 weight% or more of an unsaturated acid or anhydride 
wherein the copolymer prior to grafting is characterized by: 
30 1) a vinylidene to vinyl end chain unsaturation ratio of 3 or less, and 
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2) a CDBI of 60 % or more if the polymer has a density of 0.90g/cc or more or a 
reactivity ratio between 0.5 and 1.5 or less if the polymer has a density of less than 
0.90 g/cc, 

and wherein the grafted copolymer is characterized by a number of unsaturated acid 
5 or anhydride molecules per chain of 2 or more as calculated according to the 
following formula: [Mn* UAA (wt%)] / [UAA(Mw)] wherein Mn is the number 
average molecular weight as measured by GPC, UAA(wt%) is the weight percent of 
the unsaturated acid or anhydride as measured by FTIR spectroscopy and UAA(Mw) 
is the molecular weight of the unsaturated acid or anhydride. 

10 

Brief Description of the Figures 

Figure 1 is a graph of the MFR increase during grafting for examples 1-8. (Cond.l is 
example 1 and so on). 

15 

Figure 2 is a graph of the MFR increase during grafting for examples 9-11. (Cond.9 
is example 9 and so on). 



Detailed Description 

20 

This invention relates to a grafted ethylene copolymer comprising ethylene and an 
alpha-olefin grafted with 0.1 weight % or more of an unsaturated acid or anhydride 
wherein the copolymer prior to grafting: 

1) has a vinylidene to vinyl end chain unsaturation ratio of 3 or less, and 
25 2) was produced using a catalyst system comprising one or more mono- or bis- 
cyclopentadienyl transition metal catalysts in combination with an activator of 
alumoxane and/or a non-coordinating anion, 
and 

the grafted copolymer has a number of unsaturated acid or anhydride molecules per 
30 chain of 2 or more as calculated according to the following formula: [Mn* UAA 
(wt%)] / [UAA(Mw)] wherein Mn is the number average molecular weight as 
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measured by GPC, UAA(wt%) is the weight percent of the unsaturated acid or 
anhydride as measured by FTIR spectroscopy and UAA(Mw) is the molecular weight 
of the unsaturated acid or anhydride, and optionally 
4) an Mw/Mn greater than (I10/I2 )-4.63 . 

5 

In a preferred embodiment the ethylene copolymer prior to grafting is a copolymer of 
ethylene and an a-olefin, preferably a C3 to C40 a-olefin, even more preferably a C3 
to Cjg a-olefin, even more preferably a C3 to a Cj2 a-olefin. In a preferred 
embodiment the ethylene polymer has a molecular weight distribution (Mw/Mn) of 4 

10 or less, preferably 3 or less, even more preferably 2 or less, even more preferably 
between 2 and 1 . In another preferred embodiment the ethylene copolymer has a 
Composition Distribution Breadth Index (CDBI)of 50 % or more, preferably 60% or 
more, even more preferably 70% or more, even more preferably 80% or more, even 
more preferably 90% or more. Composition Distribution Breadth Index (CDBI) is a 

1 5 measure of the composition distribution of monomer within the polymer chains and is 
measured by the procedure described in PCT publication WO 93/03093, published 
February 18, 1993 including that fractions having a weight average molecular weight 
(Mw) below 15,000 are ignored when determining CDBI. 

20 The ethylene copolymer prior to grafting may have an Melt Index of 1 50 g/lOmin or 
less, preferably 20 g/lOmin or less, even more preferably 10 g/lOmin or less, even 
more preferably 5 g/lOmin or less. 

In another preferred embodiment the ethylene copolymer prior to grafting has a 
25 number average molecular weight of 10,000 or more, more preferably 20,000 or 
more even more preferably 30,000 or more, even more preferably between 30,000 
and 150,000. 

In another preferred embodiment the ethylene copolymer prior to grafting has a ratio 
30 of methylenes to tertiary carbon atoms of 18 or less, more preferably 17 or less. In a 
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particularly preferred embodiment the ratio is 18 or less and the alpha-olefin is a C3 
to C6 alpha-olefin, preferably butene, pentene, or hexene. 

In another preferred embodiment the grafted ethylene copolymer has a number of 
unsaturated acid or anhydride molecules per chain of 2 or more as calculated 
according to the following formula: [Mn* UAA («M)] / [UAA(Mw)] wherein Mn is 
the number average molecular weight as measured by GPC, UAA(wt%) is the weight 
percent of the unsaturated acid or anhydride as measured by FTIR spectroscopy and 
UAA(Mw) is the molecular weight of the unsaturated acid or anhydride, preferably 3 
or more, even more preferably 5 or more, even more preferablylO or more. 



The ethylene copolymer further comprises an unsaturated acid or anhydride. 
Preferred unsaturated acid or anhydride include any unsaturated organic compound 
containing at least one double bond and at least one carbonyl group. Representative 
15 acids include carboxylic acids, anhydrides, esters and their salts, both metallic and 
non-metallic. Preferably the organic compound contains an ethylenic unsaturation 
conjugated with a carbonyl group (-C=0). Examples include maleic, fumaric, acrylic, 
methacrylic, itaconic, crotonic, a-methyl crotonic, and cinnamic acids as well as their 
anhydrides, ester and salt derivatives. Maleic acid and maleic anhydride, alone or m 
20 combination, are particularly preferred. The unsaturated acid or anhydride is 

preferably present at about 0.1 weight % to about 20 weight %, preferably at about 
0 2 weight % to about 10 weight %, even more preferably at about 0.3 to about 5 
weight %, based upon the weight of the ethylene copolymer and the unsaturated acid 
or anhydride. This invention can also be practiced with any unsaturated monomer 
25 which can be grafted in a reaction with peroxide. 

Ethylene copolymers useful herein can be produced by the methods described in US 
5 055 438- US 5,507,475; US 5,096,867; US 5,264,405; US 5,324,800; US 
5017714; U.S. 5,240,894; US 5,198,401; US 5,153,157; WO 92 00333; WO 94 
30 03506; EPA 520,732; EPA 129,368; EPA 277,003; EPA 277,004; and CA 

1 268,753, which are incorporated by reference herein. Such polymers are available 



BNSDOCID <WO 9842760A1_L> 



WO 98/42760 PCT/US98/05552 

-5- 

from Exxon Chemical Company in Baytown, Texas under the Tradename EXACT™. 
In a preferred embodiment, the ethylene copolymers are produced using one or more 
mono- or bis-cyclopentadienyl transition metal (preferably group 4) catalysts in 
combination with an activator of alumoxane and/or a non-coordinating anion, 
5 preferably in solution, slurry or gas phase. The catalyst may be supported or 
unsupported and the cyclopentadienyl rings by may substituted or unsubstituted. 
Several commercial products produced with such catalyst/activator combinations are 
commercially available form Exxon Chemical Company in Baytown Texas under the 
tradenames EXCEED™ and EXACT™. For more information on the methods and 

10 catalysts/activators to produce such copolymers see WO 94/26816; WO 94/03506; 
EPA 277,003; EPA 277,004; US 5,153,157; US 5,198,401; US 5,240,894; US 
5,017,714; CA 1,268,753; US 5,324,800; EPA 129,368; US 5,264,405; EPA 
520,732; WO 92 00333; US 5,096,867; US 5,507,475; EPA 426 637; EPA 573 403; 
EPA 520 732; EPA 495 375; EPA 500 944; EPA 570 982; WO91/09882; 

1 5 WO94/03506 and US 5,055,438. These polymers can be modified to contain the 
unsaturated acid or anhydride group by methods known in the art, such as U.S. 
Patents 3,326,917, 4,950,541 and 5,194,509, which are incorporated by reference 
herein. 

20 Melt flow ratio measured as the ratio of I i0 to I 2 (I10/I2) is measured by the procedure 
stated in ASTMD-1238. 

Unsaturated acid or anhydride content is measured by FTIR (Fourrier Transformed 
Infrared Spectroscopy). The reaction products are compressed at temperature of 

25 165°C into thin films from which infrared spectra were taken using a Mattson 

Polaris™ Fourrier Transformed Infrared Spectrometer at 2 cm' 1 resolution with the 
accumulation of 100 scans. The relative peak height of the anhydride absorption 
bond at 1790 cm* 1 and of the acid absorption (coming from the anhydride hydrolysis 
in the air) at 1712 cm" 1 compared with a bond at 4328 cm" 1 serving as internal 

30 standard is taken as a measurement of the MA content. %MA (total MA content) = 
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k (A1790 + A1712)/A4328, k being determined after internal calibration with a series 
of standards and having a value of 0.258 in this case. 



The number of unsaturated acid or anhydride (UAA) molecules per polymer chain is 
5 obtained by multiplying the total unsaturated acid or anhydride content as measured 
by FTIR spectroscopy by the number average molecular weight divided by the 
unsaturated acid or anhydride molecular weight as described in equation: 
[Mn* UAA (wt%)] / [ UAA(Mw)] wherein Mn is the number average molecular 
weight as measured by GPC, UAA(wt%) is the weight percent of the unsaturated 
10 acid or anhydride as measured by FTIR spectroscopy and UAA(Mw) is the molecular 
weight of the unsaturated acid or anhydride 

Unsaturations (vinylidene, vinyls chain end unsaturation, etc) in polyolefins are 
measured by proton NMR at 125°C. 100 mg of polymer is dissolved in Ice of 

15 trichlorobenzene and 0.2 cc of deuterobenzene. The instrument is preferably a 
Variant™ Unity plus 300 MHz. The following parameters are preferably used: 
aquisition time: 3 sec, spectral window: 6000 Hz, pulse width: 30°, delay Dl: 5 sec, 
number of transients: 1024, spinning rate: 17 Hz. For measurements described herein 
the following chemical shifts were assigned to the different proton types (and hence 

20 to the different unsaturation types): 5.6 - 5.9 ppm:-CH=CH2, 4.85 - 5.06: -CH=CH2, 
5.3 - 5.55: -CH=C< 5.06 - 5.3 : -CH=CH-, 4.6 - 4.85: >OCH2 . 
The same methods is used to measure methylenes and tertiary carbon atoms. 

Reactivity ratio is measured by the 13 C NMR procedure described in K. Soga, 
25 Polymer Bulletin, 1983, Vol 10. pg 168. 



Advantages of the grafted copolymers described herein include benefits derived from 
the lower viscosity ratios. Lower ratios translate into more stable operation 
conditions during processing of the polymers both during manufacturing and 
30 processing applications. 
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The grafted polymers of this invention can be used in blends with engineering 
thermoplastics possessing a functional group susceptible of chemically reacting or 
interacting through polar interactions or hydrogen bounding with the unsaturated 
monomer which has been grafted to the backbone. Typical thermoplastics 
5 corresponding to this definition are polyamide-6, polyamide-6,6 , polybuthylene 
terephtalate, polyethylene terephtalate, polycarbonate, polyphenylene oxide, 
polyphenylene ether, polyoxymethylene, polyvinyl alcohol, ethylene acrylic acid 
copolymers, ethylene methylacrylate copolymers, ethylene acrylic acid methylacrylate 
terpolymers and polyvinyl chloride. These polymers can also be used in any of the 
10 previous compositions also containing fillers such as silica, talc, calcium carbonate, 
carbon black or glass fibers. 

Polymers of this invention can also be used as compatibilizers for blends of 
polyolefinic polymers and polar thermoplastics as the ones mentionned above. These 

15 polymers can be added to polyolefinic compositions containing fillers such as talc, 
calcium carbonate, silica, carbon black and glass fibers where they will insure 
increased interaction with the filler and hence higher physical properties. Finally they 
can serve as adhesion promotors to polar substrates such as polar polymers, metal, 
aluminium, glass when used pure or in blends with other polyolefinic polymers but 

20 also thermoset rubber compounds. 

EXAMPLES 

Mw and Mn are measured by gel permeation chromotography using monodisperse 
25 polystyrene standards on a Waters 150 gel permeation chromatograph (GPC)coupled 

with a DRI detector and a Chromatix KMX-6 on line light scattering photometer. 

The system is used at 135 °C with 1,2,4-trichlorobenzene as the mobile phase. 

Shodex (from Showa Denks America, Inc.) polystyrene gel columns 802, 803, 804 

and 805 were used. This technique is discussed on "Liquid Chromotography of 
30 Polymers and Related Materials IIT J. Cazes editor, Marcel Dekker, 1981, p207 

which is incorporated by reference herein. No corrections for column spreading were 
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employed. Mw and Mn was calculated from elution times. The numerical analyses 
were performed using the commercially available Viscotek Co software in 
conjunction with the standard Gel Permeation package. 

5 In the following examples the ungrafted copolymer and the grafted copolymer were 
tested for Melt Flow Ratio "MFR @ 230 °C"(g/10min) ASTM D 1238 (230 °C, 10 
kg) and Melt Index (g/lOmin) ASTM 1238 D, condition E. 

EXACT™ 4049 is an ethylene-butene copolymer produced with a single site 
10 metallocene catalyst which contains 26 wt% of butene and has a melt index (MI at 
190°C, 2.16 kg ) of 4.2 g/10 min and a density of 0.873 g/cm 3 . 
EXACT™ 4033 is an ethylene butene copolymer containing 21.8 wt% butene and 
having a melt index (MI at 190°C, 2.16 kg ) of 0.8 g/10 min and a density of 0.88 
g/cm 3 . 

15 ENGAGE™ 8100 is an ethylene octene copolymer containing 35.5 wt% of octene 
and having a melt index (MI at 190°C, 2. 16 kg ) of 1 g/10 min and a density of 0.87 
g/cm 3 . 

ENGAGE™ 8200 is an ethylene octene copolymer containing 36.3 wt% of octene 
and having a melt index (MI at 190°C, 2. 16 kg ) of 4.7 g/10 min and a density of 0.87 
20 g/cm 3 . 

Examples 1-8: 

In a first set of eight experiments, EXACT 4033 and ENGAGE 8100 were melt 
functionnalized side by side on a non-intermeshing counter rotating twin screw 

25 extruder (30 mm, L/D=48) as follows: 96 to 99 weight percent of polymer, 1 to 4 
wt% of maleic anhydride, and 0.025 to 0.22 wt% of a 10% solution of Luperox™ 
130 (Table 1) were fed to the extruder, at a polymer feed rate of 7kg/h, a screw 
speed of 250 rpm, over four temperatures zones respectively set at 180°C, 200°C, 
210°C, 150°C with the die at 140°C. The polymer and the maleic anhydride 

30 (Crystalman™ ) were simultaneouysly added to the feed hopper; after melting, the 
peroxide (Luperox™ 130) at a 10% concentration in mineral oil was added. 
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Unreacted maleic anhydride and decomposition products of the peroxide were 
removed with vacuum prior to polymer recovery. The individual experiment 
proportions of maleic anhydride and peroxide are reported in Table 1. 
Table 1 



Example 


wt% maleic anhydride 


wt% Luperox 130 in 


in feed 


the feed. 


1 


0.5 


0.015 


2 


0.8 


0.02 


3 


1 


0.025 


4 


1 


0.05 


5 


2 


0.05 


6 


2 


0.1 


7 


3 


0.15 


8 


4 


0.22 



The data describing grafted polymers are reported in Table 2. 
Table 2 



Ex. 


Exact 4033- 

g-MA 
(wt%MA) 


MFRof 
Exact 4033- 
r-MA 


MFR 
ratio 


Engage 
8100-g-MA 
(wt%MA) 


MFRof 
Engage 
8100-g-MA 


MFR ratio 


1 


0.28 


16.3 


0.47 


0.28 


22 


0.72 


2 


0.44 


16. 


0.48 


0.45 


24.7 


0.64 


3 


0.8 


15.6 


0.49 


0.73 


19.3 


0.82 


4 


0.7 


13. 


0.58 


0.77 


14.8 


1.07 


5 


1.4 


12.7 


0.60 


1.25 


15.3 


1.04 


6 


1.46 


6.4 


1.19 


1.4 


7.4 


2.15 


7 


1.85 


4.6 


1.65 


1.75 


5.6 


2.84 


8 


2.77 


2.9 


2.62 


2.7 


4.2 


3.79 



of the ungrafted copolymer to the MFR of the grafted copolymer. MA= maleic 
10 anhydride. 

As can be seen from Table 2, although the grafting level is comparable, a higher 
viscosity ratio (illustrated by the ratio of the ungrafted polymer MFR to the grafted 
product MFR) is observed for the Engage polymer whatever the grafting conditions. 
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Fvam ples 9-11: 

In a second series of experiments, EXACT 4049 and ENGAGE 8200 were melt 
fiinctionnalized side by side on a non-intermeshing counter rotating twin screw 

5 extruder (30 mm, L/D=48) as follows: 97.8 to 98.5 weight percent of polymer, 1.5 
to 2.2 wt% of maleic anhydride and 0.05 to 0.1 wt% of a 10% solution of Luperox™ 
130 (Table 3) were fed to the extruder, at a polymer feed rate of 7kg/h, a screw 
speed of 250 rpm, over four temperatures zones respectively set at 170°C, 190°C, 
210°C, 210°C with the die at 180°C. The polymer and the maleic anhydride 
1 0 (Crystalman™) were simultaneously added to the feed hopper; after melting, the 
peroxide (Luperox 130) at a 10% concentration in mineral oil was added. Unreacted 
maleic anhydride and decomposition products of the peroxide are removed with 
vacuum prior to polymer recovery. The individual experiment proportions of maleic 
anhydride and peroxide are reported in Table 3. The characteristics of the grafted 

1 5 polymers are reported in Table 4. 



Table 3 



Example 


wt% maleic 
anhydride in feed 


wt% Luperox 
130 in the feed. 


9 


1.5 


0.05 


10 


1.9 


0.075 


11 


2.2 


0.1 



Table 4 



Ex 


Exact 4049-g- 
MA (wt% 
MA) 


MFR of Exact 
4049-g-MA 


MFR 
ratio 


Engage 8200- 
g-MA 
(wt%MA) 


MFK Engage 
8200-g-MA 


MFR 
Ratio 


9 


1.27 


0.9 


4.7 


1.27 


0.9 


5.2 


10 


1.63 


0.7 


6.0 


1.58 


0.6 


7.8 


11 


1.78 


0.5 


8.4 


1.71 


0.3 

\ . \1 A — tvt nl /■> on 


15.7 



20 



As seen before, the MFR increase is higher with the Engage polymer. In this case, 
the viscosity increase is higher compared to the increase observed in examples 1-8. 
Without wishing to be bound by theory, this has been attributed to the lower initial 
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viscosity and hence lower molecular weight of the raw polymer which has a higher 
end chain number and hence a higher unsaturation level (Table 5). 



Maleic anhydride (MA) content was measured by FTIR (Fourrier Transformed 
5 Infrared Spectroscopy). The reaction products are compressed at temperature of 
165°C into thin films from which infrared spectra were taken using a Mattson 
Polaris™ Fourrier Transformed Infrared Spectrometer at 2 cm* 1 resolution with the 
accumulation of 100 scans. The relative peak height of the anhydride absorption 
bond at 1790 cm* 1 and of the acid absorption (coming from the anhydride hydrolysis 
10 in the air) at 1712 cm' 1 compared with a bond at 4328 cm' 1 serving as internal 
standard is taken as a measurement of the MA content. 

%MA (total MA content) = k (A1790 + A1712)/A4328, k being determined after 
internal calibration with a series of standards and having a value of 0.258 in this case. 

1 5 The number of unsaturated acid or anhydride molecules per polymer chain, for 

example the number of maleic anhydride(MA) molecules per chain, is obtained by 
multiplying the total MA content as measured by FTIR spectroscopy by the number 
average molecular weight divided by the MA molecular weight as described in 
equation: 

20 [Mn* MA (wt%)] / [ MA(Mw)] 

wherein the Mn is the number average molecular weight as measured by GPC, 
MA(wt%) is the weight percent of the maleic anhydride as measured by FTIR 
spectroscopy and MA(Mw) is the molecular weight of the maleic anhydride. 

25 Unsaturations (vinylidene, vinyl chain end unsaturation, etc) in polyolefins were 

measured by proton NMR at 125°C. The 100 mg of polymer were dissolved in lcc 
of trichlorobenzene and 0.2 cc of deuterobenzene. The instrument was a Variant™ 
Unity plus 300 MHz. The following parameters were used: aquisition time: 3 sec, 
spectral window: 6000 Hz, pulse width: 30°, delay Dl: 5 sec, number of transients: 

30 1024, spinning rate: 17 Hz. The following chemical shifts have been assigned to the 
different proton types (and hence to the different unsaturation types): 5.6-5.9 ppm> 



Lil— L-oz, H.oj - J.KJO. -**,n— v->£jx, j.j - j.jj. -v-ii~L/^, j.uu - j.j . , -r.v/ 

4.85: >OCH2 . 

Table 5 reports the characterization for the four ungrafted polymers. 
Table 5 





EX. 4049 


EX. 4033 


ENG. 8100 


ENG. 8200 


-CH=CH 2 per 1000 C 


0.06 


0.04 


0.01 


0.02 


-CH=CH- DerlOOOC 


0.08 


0.05 


0.08 


0.12 


-CH=C< Der 1000 C 


0.15 


0.08 


0.04 


0.09 


>C=CH 2 per 1000 C 


0.09 


0.05 


0.07 


0.1 


TOTAL unsatur. Der 1000 C 


0.38 


0.22 


0.2 


0.33 












>C=CH 2 /-CH=CH 2 


1.5 


1.3 


7.0 


5.0 


(vinvlidene/vinyl ratio) 




















-CH=CH 2 per Mn 


0.17 


0.18 


0.04 


0.06 


-CH=CH- Der Mn 


0.22 


0.23 


0.33 


0.35 


-CH=C< per Mn 


0.42 


0.37 


0.16 


0.26 


>C=CH 2 per Mn 


0.25 


0.23 


0.29 


0.29 


TOTAL unsatur. Der Mn 


1.06 


1.01 


0.81 


0.97 






















COMPOSITION 


r—\s Af\ ACi 

EX. 4049 


EX. 4033 


tN(5. OfOU 


tNo. o2UU 


Density 


ft ft71 


O Aft 


n 87 
u.o / 




Wt% C7 


74.0 


78.2 


D4.0 


00. { 


wt% C 4 


oft n 

20. 0 


21 .0 


n n 
u.u 


n n 


wt%C 8 


0.0 


0.0 


35.5 


36.3 


wt%C 3 


0.0 


0.0 


0.0 


0.0 


-CH 2 per 1000C 


869 


890 


911 


909 


-CH DerlOOOC 


65 


54 


44 


45 


-CH 2 /-CH ratio 


13.4 


16.5 


20.7 


1m. £. 












GPC-DRI 










Mn*10' 3 


39 


64 


57 


41 


Mw'10" 3 


74 


121 


103 


77 


Mw/Mn 


1.9 


1.9 


1.8 


1.9 
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In a preferred embodiment the grafted copolymers of this invention achieve a Similar 
level of grafting with less increase in viscosity versus known polymers. Note that in 
Figure 1 the copolymers of the invention had a much lower MFR ratio. 
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Claims: 

1 . A grafted ethylene copolymer comprising ethylene and an alpha-olefin grafted 
with 0. 1 weight% or more of an unsaturated acid or anhydride wherein the 
5 copolymer prior to grafting is characterized by: 

1) a vinylidene to vinyl end chain unsaturation ratio of 3 or less, and 

2) a CDBI of 60 % or more, and 

wherein the grafted copolymer is characterized by a number of unsaturated acid or 
anhydride molecules per chain of 2 or more as calculated according to the following 
10 formula: [Mn* UAA (wt%)] / [UAA(Mw)] wherein Mn is the number average 
molecular weight as measured by GPC, UAA(wt%) is the weight percent of the 
unsaturated acid or anhydride as measured by FTIR spectroscopy and UAA(Mw) is 
the molecular weight of the unsaturated acid or anhydride. 

15 2. The copolymer of claim 1 wherein CDBI is 80% or more. 

3. The copolymer of claim 1 wherein the copolymer prior to grafting has an 
Mw/Mn greater than (I10/I2 )-4.63. 

20 4. The copolymer of claim 1 wherein the alpha-olefin is a C3 to a Cj2 alpha-olefin. 

5. The copolymer of claim 1 wherein the copolymer prior to grafting has a melt 
index of 10 g/lOmin orless. 

25 6. The copolymer of any of claim 1 where the copolymer prior to grafting has a 
number average molecular weight between 30,000 and 150,000. 

7. The copolymer of claim 1 wherein the copolymer prior to grafting has a ratio of 
methylenes to tertiary carbon atoms of 1 8 or less and the alpha-olefin is butene, 

30 pentene or hexene. 

8. The copolymer of claim 1 wherein the grafted copolymer has a number of 
unsaturated acid or anhydride molecules per chain of 5 or more. 

35 9, The copolymer of claim 1 wherein the unsaturated acid or anhydride is maleic 
acid, maleic anhydride or a combination thereof 
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10. The copolymer of any of the above claims wherein the copolymer prior to 
grafting was produced using one or more mono- or bis-cyclopentadienyl transition 
metal catalysts in combination with an activator of alumoxane and/or a non- 
coordinating anion. 

11. The copolymer of claim 10 wherein mono- or bis-cyclopentadienyl transition 
metal catalysts is a biscyclopentadineyl group 4 compound. 
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Figure 1 ±/x 

MFR INCREASE DURING GRAFTING 




MFR(230°C, 10 kg) 



5 Figure 2 



VISCOSITY INCREASE DURING GRAFTING 
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